The aim of our study was to monitor serum levels of two miRNAs (miR-21 and miR-141) and three KLKs (hK3/PSA, hK11, and hK13) before and 1, 5, and 30 days after radical prostatectomy, in order to characterize their fluctuations after surgery. 38 patients with prostate cancer were included. miR-21 and miR-141 were quantified through real-time PCR, while ELISA assays were used to quantify hK3 (PSA), hK11, and hK13. Both miR-21 and miR-141 showed a significant increase at the 5th postoperative day, after which a gradual return to the preoperative levels was recorded. These findings suggest that miR-21 and miR-141 could be involved in postsurgical inflammatory processes and that radical prostatectomy does not seem to alter their circulating levels. Postoperative serum kallikreins showed a significant decrease, highlighting the potential usefulness of kallikreins apart from PSA as potential prostate cancer markers.
Introduction
Prostate cancer (PCa) is the most common male tumor in Europe and USA. The introduction of prostate-specific antigen (PSA, i.e., hK3) in the diagnostic management has allowed an earlier detection and thus the possibility to treat more cancers at a precocious and localized stage, improving the cure rates. Kallikreins are a family of peptidases widely expressed in various tissues, and they rule various physiological events, such as blood pressure homeostasis, skin homeostasis, and semen liquefaction. The proposal of kallikreins besides PSA as cancer biomarkers has been already reported, on the basis of the alterations in expression of many members of this family in several cancers [1] [2] [3] . microRNAs (miRNAs) are small noncoding singlestranded RNAs controlling the expression of protein-coding transcripts: each miRNA targets several genes at the posttranscriptional level [4] . About 10-30% of all human genes are regulated by miRNAs [5] . In the last decade, microRNAs have been studied as potential markers for almost every type of cancer [6] : miRNAs locate at cancer-related genomic regions or in fragile sites, and this feature suggests their potential role in tumorigenesis [7] . In 2007, Porkka performed the first profiling of miRNA involved in prostate cancer [8] . miRNAs and KLKs are characterized by a high stability in the serum and for this reason they are both ideal candidates for noninvasive assays.
The first end point of this study was to compare preoperative expression levels of three kallikreins (hK3/PSA, hK11, and hK13) and 2 miRNAs (miR-21, miR-141) with postoperative ones, in order to evaluate if a specific correlation between prostate cancer and these markers exists. The second aim was to evaluate their diagnostic power comparing the preoperative values in prostate cancer patients with healthy ones. Figure 1: Overview of the experimental design. T0: presurgical phase; T1: 1 day after surgery; T2: 5 days after surgery; T3: 30 days after surgery; C: control. Terni. 38 patients who undergone radical prostatectomy for localized prostate cancer were enrolled consecutively from September 2011 to April 2012. 40 subjects were selected as healthy controls: their mean age was 39 years, mean PSA was 0.56 ng/mL, and they have no history of prostatitis or other urologic pathologies. The demographic characteristics of all prostate cancer patients are reported in Table 1 , and the experimental design is shown in Figure 1 . Expression levels of miR-21 and miR-141 were measured through real-time PCR, while ELISA assays were conducted on the same serum samples to quantify hK3 (PSA), hK11, and hK13. In prostate cancer patients, serum levels of miRNAs (miR-21 and miR-141) and kallikreins (hK3, hK11, and hK13) were measured at four time points: 1 day before surgery (T0) and 1st (T1), 5th (T2), and 30th (T3) postoperative days ( Figure 1 ). . ELISA microplates were separately coated with 100 L of diluted of affinity-purified rabbit mAbs anti-hK11 or anti-hK13 (2 g/mL in 5 mM carbonatebicarbonate), incubated overnight at 4 ∘ C, and washed three times with TBS containing Tween 20 0.05% (300 L/well). Solid phase blocking was performed adding TBST containing BSA 2% (300 L/well) and incubating 60 min at RT. Wells were then washed three times, and 100 L/well of serum samples was incubated for 60 min at RT. Plates were washed again as above, and 100 L/well of anti-rabbit IgG antibody HRP labeled (1 g/mL) was dispensed and incubated for 60 min at RT. Plates were once more washed, and 100 L/well of TMB solution (Sigma) was added and incubated for 20 min, before stopping with 100 L/well of H 2 SO 4 1 N and measuring OD at 450 nm on a microplate reader (Infinite 200, Tecan, Männedorf, Switzerland). hK11 and hK13 serum levels were referred to a standard curve of recombinant human kallikreins 11 and 13. Receiver Operating Characteristic (ROC) curve analysis was performed to estimate the diagnostic accuracy of miR-21, miR-141, hK11, and hK13. Logistic regression analysis was performed to evaluate the diagnostic accuracy of the combination of miRNAs.
Materials and Methods

Experimental Design.
Serum Collection and
Results
Serum hK3, hK11
, and hK13 before and after Radical Prostatectomy. hK11 levels significantly decreased after surgery (T0 > T1, < 0.05) and remained substantially unmodified at T2 and T3 ( > 0.05) ( Table 2 ). The marked decreased of hK11 at the first postoperative day resembled that of PSA ( Figure 2 ). Contrary to PSA which progressively decreased to finally fall down to zero at T3 (Figure 3 ), hK11 showed a slight increase at T3, although this was not statistically significant ( > 0.05).
In contrast, serum hK13 levels significantly increased at T1 (T0 < T1, < 0.05) and finally stabilized at lower levels with respect to preoperative values (T2 < T0, < 0.05) ( Figure 2 ). As seen for hK11, hk13 did not decrease further at T3 (T2 versus T3, > 0.05).
Comparison of Serum hK11 and hK13 between Prostate Cancer Patients before Surgery (T0) and Healthy Controls (C).
Serum levels of hK11 and hK13 were significantly higher ( < 0.05) in serum from prostate cancer patients at T0 with respect to healthy controls ( Figure 4 and Table 3 ), similarly to PSA ( Figure 5 ).
Serum levels of hK11 and hK13 in control group were also compared with values obtained from prostate cancer group at postoperative sampling times (T1, T2, and T3, see Table 4 ). Only serum levels of hK13 in patients at the 1st day after surgery differed significantly from controls.
Serum miR-21 and miR-141 before and after Radical Prostatectomy.
For real-time PCR applications, miR-93 exhibited the lowest coefficient of variation in the assay and was chosen as reference gene. The normalized data against miR-93 levels were reported as the mean value ± SD.
Serum levels of miR-21 and miR-141 were analyzed at T0, T1, T2, and T3 (Table 5 and Figure 6 ). Both miR-21 and miR-141 increased significantly at the fifth postoperative day (T0 < T2, < 0.01 and < 0.001, resp.). At T3, serum miR-21 and miR-141 were not significantly different from preoperative levels (T0 = T3, > 0.05).
Comparison of Serum miR-21 and miR-141 between Patients (T0) and Healthy Controls (C).
In prostate cancer patients serum levels of miR-21 preoperatively were not significantly different from healthy controls ( > 0.05). On the contrary, serum miR-141 preoperative levels were significantly lower ( < 0.05) than healthy controls ( Figure 7 and Table 6 ).
Circulating levels of miR-21 and miR-141 from controls were also compared with prostate cancer group at postoperative sampling times (T1, T2, and T3). Results are shown in Table 7 . For miR-21, statistically significant differences were obtained when C was compared with T2 ( < 0.01).
Comparisons of C with T1 and T2 did not reach significance (C versus T1 and C versus T2, > 0.05). Serum levels of miR-141 in control group were significantly different from those of patients only at the 30th day after surgery (C versus T3, < 0.05; C versus T1 and C versus T2, > 0.05).
Evaluation of Diagnostic Accuracy of miR-21, miR-141, hK11
, and hK13. The diagnostic accuracy of miR-21, miR-141, hK11, and hK13 was evaluated using Receiver Operating Characteristic (ROC) curve analysis. As shown in Figure 8 , serum miR-21 displayed the lowest ability (AUC = 0.597, > 0.05) to differentiate between prostate cancer patients and healthy controls, whereas miR-141 reached an AUC of 0.811 ( < 0.0001). Serum hK13 showed the highest diagnostic performance (AUC = 0.997, < 0.0001), followed by hK11 (AUC = 0.994, < 0.0001). Logistic regression analysis was performed to evaluate the probability that the combination of miR-141 and miR-21 could discriminate prostate cancer patients from healthy controls in a better way than miR-141 alone. Area under the curve was 0.811 (which was equal to miR-141 alone) and sensitivity was lower than miR-141 (68.42% versus 78.9%), while specificity increased slightly (85% versus 82.5%).
Discussion
Prostate Cancer Beyond PSA: Postoperative Serum Levels of hK11 and hK13.
The main diagnostic tools to detect prostate cancer include digital rectal examination, serum PSA, and transrectal ultrasound guided biopsy. PSA is a quite accurate diagnostic test, but its specificity is too low because PSA is a prostate-specific but not a prostate cancerspecific marker: for this reason, those biopsies requested for altered PSA levels are often negative. When PSA is ranged between 4.0 and 9.9 ng/mL, the first prostate biopsy is positive only up to 37% [10] . PSA belongs to the genetic family of kallikreins, a group of serine proteases widely expressed in various tissues and involved both in many physiological and in pathological processes: the alteration in their expression is related to the onset of various human diseases [11] [12] [13] . Since they are circulating proteins, kallikreins are detectable in human body fluids, such as serum, and may be used as molecular assays characterized by a low invasiveness and high accuracy. hK2 has been quite recently assayed for its utility in preoperative staging of localized prostate cancer [14] . hK2 was showed to improve the power of total, free, and intact PSA in predicting biopsy outcome in men with PSA levels [15] . Quite recently, the involvement of other kallikreins apart from PSA/hK3 and hK2 in prostate cancerogenesis has been progressively clarified: KLK11 was recently proposed as a new prognostic marker for PCa [16] . The KLK13 protein shares 51% amino acid identity with KLK11, and it is primarily expressed in mammary gland, prostate, salivary gland, and testis. KLK13 gene was found to be regulated by steroid hormones in a human breast cancer cell line so that its expression is an independent favorable prognostic marker for breast carcinoma [17] . PSA is the unique kallikrein whose postsurgical kinetics has been studied: to our knowledge, this is the first report describing postoperative changes in serum levels of other kallikreins at multiple times. Both hK11 and hK13 were significantly higher in prostate cancer patients before surgery and they significantly decreased after surgery. Serum hK13 showed a transient increase at the first day after surgery, suggesting an implication in inflammatory events, whereas serum hK11 immediately decreased after surgery. Both hK11 and hK13 stabilized at lower levels with respect to preoperative values, although they did not fall down to zero such as PSA, which became undetectable 30 days after surgery. hK11 even seemed to increase at the 30th day after radical prostatectomy, although comparisons of T3 with T2 or T1
were not statistically significant. These findings highlighted the direct correlation of these kallikreins to prostate cancer. This was confirmed by the significant difference of hK11 and hK13 serum levels in prostate cancer patients with respect to controls (T0 > C, < 0.05). Serum hK11 and hK13 fluctuations after surgery appeared to have a strong correlation with prostate cancer, since their decrease to lower levels with respect to preoperative values resembles PSA postoperative decay curve.
Changes in Serums miR-21 and miR-141 after Radical
Prostatectomy: Only a Matter of Inflammation? microRNA are progressively emerging as crucial regulators of gene expression, since they affect the tumorigenesis as oncogenes or oncosuppressors [6, [18] [19] [20] . The intrinsic stability of miRNAs in human plasma/serum renders these molecules ideal candidates for the development of low invasive diagnostic assays [21] . The involvement of miRNAs in carcinogenesis has been reported elsewhere: this widespread interest on miRNAs led to the development of commercial cancer biomarker assays for pancreatic cancer versus pancreatitis [22] , squamous versus nonsquamous lung cancer [23] , and malignant pleural mesothelioma versus lung and pleura cancers [24] . miRNAs proved also to be effective in the identification of the unknown primitive cancer of metastasis [25] . Besides being involved in carcinogenesis, several studies have defined mammalian microRNAs as key regulators of the immune system. In fact, inflammation is able to regulate miRNA biogenesis [26] . miR-21 has been recognized as oncomir, and it has been demonstrated to target, among others, the following genes: tumor suppressor gene tropomyosin 1 (TPM1), programmed cell death 4 (PDC D4), maspin, phosphatase and tensin homolog (PTEN), and reversion-inducing cysteine-rich protein with kazal motifs (RECK) [26] [27] [28] [29] . A recent study aimed to assess the expression of circulating miR-21 in serum samples from patients with different types of cancer, but without including prostate cancer because of too few cases [30] . By use of real-time quantitative reverse transcription-PCR, a marked overexpression of circulating miR-21 in 174 patients with solid cancers (breast, esophageal, gastric, colorectal, and lung cancers) with respect to 39 normal control subjects was assessed. Furthermore, miR-21 proved to be associated with the expression of genes that regulated inflammation [31] . miRNAs role in the development, maturation, and function of cells involved in the innate and adaptive immunity has been proved [32, 33] . Chen et al. analyzed the frequent deregulation of serum miRNAs in patients with lung or colorectal carcinoma: they found a quite large portion (38.5%) of the same shared members to be overexpressed also in serum samples from patients with type II diabetes. This is probably attributable to the inflammatory reactions occurring in all the samples under investigation [34] . Thus, although a set of miRNAs specifically associated with inflammation has been characterized [33] , the involvement of other members may be hypothesized and still unreported. miR-141 is representative of epithelial tissue; thus, its expression is not restricted to prostatic epithelium: nonetheless, circulating miR-141 levels in prostate cancer patients were successfully used to screen for metastatic prostate cancer with high sensitivity [6] . Virtually all epithelial cancers overexpress miR-141 (data from literature are mainly available for breast, lung, colon, and prostate cancers) [35] . The convergent deregulation of miR-141 in epithelial cancers suggests that the diagnostic performance of miR-141 in prostate cancer remains to be assessed. Furthermore, miR-141 has been shown to target p38 , thus modulating the oxidative stress response and ultimately affecting tumorigenesis [36] .
In the present study, miR-21 and miR-141 levels did not show significant difference with preoperative values ( > 0.05) in the first postoperative day. In contrast, a significant increase of both miR-21 and miR-141 was detected at the 5th postoperative day, with respect to the preoperative time. This finding is probably attributable to systemic inflammatory reactions occurring after surgery. We hypothesize that these alterations do not appear immediately at T1 because of a de novo production of miRNA from other body districts. At T3, the serum levels of miR-21 and miR-141 decreased to values comparable to preoperative time ( > 0.05).
Our findings on serum miR-141 seem to be in contrast with previous data in the literature. So far, miR-141 has been mainly associated with prostate cancer progression [6, [37] [38] [39] . The expression levels of circulating miRNAs in low-risk, high-risk, and metastatic castration resistant prostate cancer (mCRPC) have highlighted the characteristic overexpression of miR-141 in mCRPC compared with low-risk disease [40] . On the contrary, our analysis has been conducted on serum samples from patients with localized prostate cancer. Moreover, other discrepancies about circulating levels of miR-141 in prostate cancer have been reported by other researchers. As an example, Agaoglu and colleagues [41] did not find significant differences in circulating levels of miR-141 in prostate cancer (both localized and advanced diseases) with respect to healthy controls. Furthermore, Mahn and coworkers [42] were unable to detect serum miR-141 in localized prostate cancer: the authors hypothesized that this event is due to their patient selection criteria (they did not include patients with metastatic prostate cancer) and to the the lack of a preamplification step to enrich for miRNAs, which was instead performed by Mitchell [6] .
Similarly to miR-141, the overexpression of miR-21 has been mainly examined in advanced cancers [43, 44] . A recent study aimed at identifying circulating miRNAs able to discriminate mCRPC from localized prostate cancer revealed a statistically significant upregulation of miR-21 in the former group [45] . On the other hand, Folini [46] found similar expressions of miR-21 in localized tumor and surrounding healthy tissue specimens from 36 patients who undergone radical prostatectomy. In summary, while the upregulation of miR-21 and miR-141 has been established in metastatic prostate cancer, their modulation in localized forms is still controversial. To our knowledge, our report is the first to make serial postoperative measurements of serum miRNAs and analysis of their postoperative kinetics. Single postoperative measurements were successfully performed by other authors, both in prostate cancer patients [42] and in other malignancies [47] . Our results were quite surprising, since both serum miR-21 and miR-141 increased significantly at 5th postoperative day to finally return to the preoperative levels. The observed fluctuations could be explained by a de novo synthesis of miRNAs, suggesting their involvement in postsurgical inflammation.
Conclusions
Our study provided innovative information about postoperative changes in the levels of circulating microRNAs and kallikreins. This was possible through serial samplings up to 30 days after surgery.
Our results assessed that the interest regarding kallikreins should not be restricted to PSA, since both hK11 and hK13 showed a marked correlation with prostate disease. Indeed, serums hK11 and hK13 showed a statistically significant decrease after surgery, although they did not fall down to zero such as PSA. The delayed increase in expression of serums miR-21 and -141 at the 5th postoperative day could be due to a de novo miRNA synthesis induced by systemic inflammatory reactions. At the 30th postoperative day, serums miR-21 and miR-141 were similar to preoperative values. Overall, the results here obtained confirmed that every change in expression of serum markers after surgery should always be taken with caution and confirmed by multiple observations. The diagnostic performance of the markers under examination needs to be confirmed by larger scale studies.
